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Abstract of KR20030007102 

PURPOSE: A portable electronic apparatus with an azimuth measuring function, a magnetic sensor 
suitable for the same, and an azimuth measuring method therefor are provided to measure a direction at 
high precision even if the temperature of permanent magnets changes. CONSTITUTION; A portable 
phone(10) has a CPU(21) and a magnetic sensor unit{30) including an X-axis magnetic sensor(31), a Y- 
axis magnetic sensor{32), and a temperature sensor(33). The CPU(21) measures the influence of a 
magnetic field of permanent magnets with respect to an output of the X-axis magnetic sensor(31) and an 
output of the Y-axis magnetic sensor(32), at the first and second temperatures. The CPU(21) stores the 
measured influence data together with the first and second temperature data. The CPU(21) estimates the 
influence with respect to the output of the X-axis magnetic sensor(31) and the output of the Y-axis 
magnetic sensor(32) f from the present temperature detected by the temperature sensor(33) and the 
stored influence data. The CPU(21) corrects the outputs of the X-axis magnetic sensor(31) and the Y-axis 
magnetic sensor(32) in accordance with the estimated influence, and determines the direction of the 
portable phone(10) from the corrected outputs. 
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E 7£ *fll Ay] ^ iXHf (31a)^l *tfl ^3E°14. *fll *M ?]^I4 ^f*(31a)^ ^€ i=Hr^ 
7?7] Efifi s:^ i^-(ol o^oflAi^ 207fl^ db7»s ^^rf. 



E 8-€r Till x>7l JL4 E 7<fl E^ 1-l^ofl tcf-1- 3g^o.s. Ay] 3^ J:^ 4i 

A^ 71^(303) *H £K*S1 spf ^^-(31al)# ^ul^Ji *HP- 3H-(31al)£ 7}i§. ^ 

(X^r HJ-^-t- dfcx^s] ^-3. ^is. afl^l^. #^(31al)£- E^ «l*Ha -g-#7flSol Cr(Sfe 

Ta, TiH £l*H 30nm ^E^| ^ s ^€^h A €^(31al) $Hfe *Hf 3l^(31al)4 ^ Jgig #3)3. 
fljg^ i&5g-^H8ti|-(Sa«ftK)(31a2)ol 3*^. ft:3*M§*K31a2) * PtMnAS ol^c^xl^ nj- ^flfe 30nm t§E 



2}- ^}r^l-^e]-(31a2) -$Hfe A tM|7} lOnm ^E?l NiFeS. ol-f-^ ^ 7^>^ti)-(3ia3)ol ^(31a3) a^H 

E 9^'E 7°11 E^ltft *Hl x>7l ^tf ^ sfc*KS(31a)*l ^^E°l^. 53-*H8*K31a3)^: ^^HJ^-(31a2)<>ll 

E 83. #«]-7>^, z| 7j-^oV(3i a 3) ^ofl^ 7< J-^ B^(31a3)4 sg^ ^^*(31a4)°l 
^^(31a4)-fr A1 2 0 3 (Al-O)AS. d]^^^, n bJ- ^^1^ lnm^m. 



^£#(31a4) «>1 ^^^(3i a 4)4 ^.oj ^ 7 ^ 7j-^^-( 31a5 )ol ^^^rf. 7 0 ^H^( 3 la5)£r ^ 

¥^l7V40nm ^E9i NiFeS o]=o^rk *1 7 0 V7>^^(31a5)^r n HJ-^o] <2l¥ ^Tl]^ ^ofl 7l^| o asl3>E^- 
^Sh«>^ 7)~a-#(7>-pr 7V^-#)* t 1 ^^. O] 7j-^rt(31 a 5) ( ^04^( 31a4 ) ^ 7j-^BV(31 a 3) £fe jia^sfi: X> 

71 Bl^ 3ttnM§* °W =a-°l. ^ Si^^HJ^KaiaZ), 7 ^H^-(31a3), ^^i^(31a4) ^ ^J-^^- 

(31a5)°H sl*B sl-M-^ ^7l b)1 ^ ^7K^1^ ^1^1)7> ^^cf. 



zl- 7j-^aj-( 31a5 ) ^ofl^ 7j- 7 p^(3i a5 )4 ^ c|d] ^-(31a6)ol Z\^QA. °1 c^l ^(31a6)^ 

si- ¥^7> 40nm 5§E?J TaS £ E^-^ til^HJ ^-#7fls^ ^^t^. 

7l3S-(30a), sf¥ ^^-(31al), ?>7 < J-^^.(31a2) > 7 < }-7:HBl-(31a3), ^^#(31a4), 7 0 V^ ei-(3 la 5) •«) t| D ] oj-( 31 
a6)* ^^^llfe ^°l^-(31a7)ol °1 %Zl ^^^(Sla?)^: ^$] ^Pf ^i^(31al) ^ 

^-(31a2)^r ^7l^o £ ^Wh^r ^^Hl, tb^H ^(31a2) ^«^1 AA ^^1€ Tj-^ sj-(31a3), ^<S^(la 

4), AA*$A(31<l5) ^ t=H ^-(31a6)^- ^7^^ ^^^.4. ^°l#(31a7)* A ¥^7> 250nm ^E^l SiO 2 
S. 01^-0^^)1^. 



ol ^<a#(31a7)^lfe Ci^l ^(31a6)ofl ^fe *(CH)ol ^^^rif. °1 M €^*(31a7) ^<^1^, » 
CCH)* ^^Hfe. ^aH1 ( 4$ sf^. ^q-(31al)3l- ^^^(3132) ^ofl cju] ^C31a6)^ *H*h§- 
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a ^^S>S^- ^ ^(31a8)*l $^4. <*}&<$, ^ ^(31a8)£r A ^M|7V 300nm?l A1S AAA, 
^ ^q-C31al) ^ ^^^.( 31a2 )2l-^-«. ^^. (31a8) ^ 01^^ 7 0 v^s]-(3i a 5)(^ n|Dl ^(3 

la6))4 W^s]-(3i a 2)ol ^tfls $A $_7}^ ^^4. o]s]- £<>1. JUa^l ^-«^^- ^ £fe x>7] 

^1- 7>^I db7>7} 207fl a]^ Sl4 ^V^(31a)<>l $£4. JEA^M & 

SiO ^ SiN^ iLs^l -S-71 ^(31a8)-g- fl^Jft^-. 



£ 10^ #7l 1^ S-oi tg^jg ^1 x} 7 ] Juzf i^SOla)^ ^ t+tIKh)^ tWRI) **|» 

l+^-tflfe- ZLtiflHolrJ-. T^Rl)^ 1^5] ^ofl H^B}- 3.717} £]Jf 7^1(H)^ ft*} &tftfk°] ^ ^ 

S3}- ~Hc~+Hc4} ^^D^M J^Jf 7}3l(HH ^St*}. *r. ^(RD-S- *>7l ^(l)fis ^ 

Rl = -(AR/Hc) • H + R0- - • (1) 



5. 6*1} 7}7l 4-*l(31)^ 7>7l B}^ Jl^I- ^7>^ 4?}] ^al^. Ay} e) ^ 3l4 ^*|-g- ( 3 1 a ~ 

31d)2} JS^f^ 7>S|- « 0 >*^ £ 6^1^i ^-flS. AA"& ;£c]-. 7)j4 7>7l &A ^A^(S1&, 31d)2] 

ji^o] ^ Tg.^ x -§j>3] cjcq i&«H, 42, 4B Ay] e]^ £-A ^^(3ib, 3ic)^ itfs) A A tJ-* 

^ x^a] -§-s] «S-^o]c]-, 7|]l, 7)14 71-71 dL7>5(31a, 31d)3 ^*J-(R1)-Sr -#7] *M)4 nq-ef ^S^fe 

42, 43 A?) S-A ^>^(31b, 31c)3 7E]*J-(R2)^ S}7l ^(2H 4^ ^^-«r^: 



R2 = (AR/Hc) • H + R0- • - (2) 



X^r ^>7] ^(31)^7,-]^, 41 7>7l E]^ JlJJ)- 4i7}-^(31a)Sl <£t£A 42 7>7l B] ^ Jl^ 4i^5-(31b)^| <£A.°] ^ 
#5|Ji, Tfll 7]-7l B)%| JiJij. ^7>^(31a)^ ^4 ^12 ^>7l b]^ Jl4 ^f^(31b)^ Bf^l ^fr ^^U3]S.(34b) 
^ ^4 AA ^^a^h ^71-xls, ^3 ^}7l el^ jrjq. ^7>^(31c)^l 1^ ^114 *>7l Jl4 

31d)sl ^^5|31, ^)13 ^>7l b]^ 2.^- db.7>^(31c)^ 4^ ^14 ^1 ^ M ^l-^-(31d)2] Ej-x^ol 

7^°0-3lS(34b)3) c^sH- ^-^-o)] z|z]- ^^rf. ^1^1 ^>7l B|^ ^^(31a)^- 7^2 7>7l B]^ ^A^ 
(31b)^ &$]^, 43 X>71 b)^ ^7>^(31c)^ 7^14 A^ ^5-^ ±AW1<D^$\ ^ 

5] AA ^n*}, X^ 7]-7l ^(31)^ f^(Vout)A3.7i A/D ?lw]Bl(34a)^l ^-^€4. 



ol^q- £01 7>7l ^(31)^ X ^ Sl^- ^>741(H)^ X^ 7g «-( Hx )* 3-§-t*H, ^ 7 } ^(3)^1 ^ 

^^1^- ^Is. Vout(= Sx)* m^tA- 

Sx = Vin- (AR/RO) • (Hx/Hc)- ■ • (3) 

o]7}*\, Vin^ ^fl- ^-y-SlS (34b) 5] ^-a-olr}. 

£ 11°11 3£A] w}^ ^-ol, X ^ 7>7] ^A ^ t;}7] €^7>X^ x>7] ^(31)^1 ala^-fe « 0 >%t 

^S. aH^l^t)-. Y^r ^71 €^1(32)^ 51^- 7>7ll(H)Sl Y^ ^ «.( Hy )4 ^WA^, S*7] i](4)^l ^"Sfl 

Vout(= Sy)* #^*>r4: 

Sy = Vin- (AR/RO) - (Hy/Hc ) ■ • • (4) 



€-^(33)fe aji^ $ 7l^s|S.a ol^-=H^cl-. °} ^ISfe 9J3llS.*| £ 12<>ll ^a]*!: al-S)- ^-o] ^^]^ y>o]<^^ 5) 
S.ol^. ^X\it AA ^l, »1 ^la^ ^rS. 31 $jge»l ^fl-^(I), 47flSl S^^iB](Ql~Q4) ^ 37^ 7]%HR10 
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«H ^#€4. H^l^(Qi)^ °]*m$= ^^l^ui. nflWife *nHRio)3 ^4 B^^(Q2)jq 

^#€4. H^^1^E[(Q2)^ olnlElfe ^^(R20)# 3*1^31. SD"!^ H^Tl^Bl 

7l%KR10)3l Eftg- ^ e^1^b1{Q4)^ °HbH ^#€4 £3l*l^(Q4)3l tfflol^ H3l3^(Ql)<i| 
^^Jl, ««|^^ 3°^(Vcc)*ll ^#€4. 3°^(Vcc)£: *lH3^(34) ifl<*| 5L*>€4. 



S. 12*11 £Al SI- ol 21^1^^-, e^1^e|(Q3)31- S^1^(Q2)^ olrt]El ^u^V" 1" JSC]- ^ 3} 3KN)°- 
J£ ^€4. 7 J 7l§^S.^ #s]3#(Vbg)£. ^>7l ^l(5Hl ^ol^4: 

Vbg = VBE Q3 + VT • ln(N) • R100/R200' ■ - (5) 

<*M*J, VBE Q3 H^l^B)(Q3)Sl wfl ol ^ - o] e] ^^l^, y T -£r <S3'?h RIOO^: ^"&J-(R10)^ 7^*1, R200^S: 
^t!-(R20)-2l ^"^H^h 

^-71 ^(5)0^, VBEq 3 ^ ^-3) -BrS. 7H#(~2mV/K)» VTfe <#3l ^l#(0.085mV/K)« ?H=4. ^ (5)-£LsL 
«-B] xgaji^ol, ^%^(R100) ^ ^^-^(R200)# ^^Ml -a^-fl-o.s.^1, #^3JUVbg)3l ^51 Sl^ol 
^ oirf. n^Ai, ol ^AHl6)]^ fe #^^Jl(V[>g)5l ^£ Sl€^°l SM^ ^ ^*^1(R100) ^ *1%1-*1(R200) 

7} 3^4. -5rS ^1^-1(33)^ A/D ^lwlBl(34a)^l ^%>(R30)5l 3<S-(Vbg - VBE Q3 )* 



4-1^1, <>14 S-ol ^Aj<g ^tfi^7l(10)<Hl 313: ^^fl ^sfl, 7f7l ^^^-(30)<^1 ^7l-£|^ 3lJf 7} 31(H) 

7\ A ^1-71 ^ole|.ll 7^1-jl^«ir4-. ^3371(10)31 3^13371(10) 33<>1 cfl^S ^3gol 

Jl. *1 3^°! flS. «*kn. SI^ Tj^oH, °1 ^3371(10)31 *Pf(<3M3), 4°lSS§^-( 16)^1^ ^(i^cfl, ^4 
714(13)5. U=*l-fe ajBl, s Y«r^ ^S} ^}^r ^31 ^£l€4- ^ ^-"Wl, S. 130)1 2.^13: 

^-ol «j-4l(a)5l 7l§ 0° * 9, tfs} 4^ 90° , 180° , 270° S. ^^€4- 



S. 13^8- ^^1^-71(10)31 ^( a )£f. X^- 7f7l ^A-l(31) ^ Y^r 7>7l ^(32)^1 #^ ^13:(Sx, Sy)4^ S?ll 



7l7>7m %t«l-^ 7}^|olT^. ^tfl ^^-71(10)31 £-*)J(ll)Sl ^^ol xflSflS ^^lJl, ^S. 

jl OJ^ 7^1-71 ^^-(30)31 7}7l ^17-1(31) ^ 7>7l ^(32)31 £ 13<Hl £71 ?V ti}<4 ^- 

«1, ^^^^-71(10)^ « 0 ^(a)<Hl tflsfl «i ^ ^^^^.S zl-4 iStm. S 13^1 S7]^b aJIa^ ^ ^lJ:(Sx, S 

y)S} St^r 7jfl-S^ 5t°14. ^-4 ^^1^ 7>7l 47i(31)3l ^711 #^ <tl&(Sx)# &tH$_$-7] (10)31 ^( 
11)31 ^ol uflAflS. #^<>1J1 Tl^ol ^S. ^-S}JL SX^^^}^\ ^^7l(10)7> 360° SjTiS}^ "gol^ AlJ: 

(Sx)3l sltfi^jj)- ^4i^:3l ^>oi ol *}oi aVo.s. 4fe -M^l #^ ^lJi(Sx)7l- ^ ^l^^:(Sx)3l ^-^7- 

7}-g-€4. 7>7l ^7-1(32)31 ^4 9^ ^ls(Sy)# ^cfl 33-71(10)3) ^](ll)3l ^ 

ol tfl^ls. ^olji ^^ol ^s. ^=e>i oj^ ^l-Efloil^ J^icfl 3^-71 (10)7} 360° 33*M 3jo^3 #^ 3Sl(Sy)3l ^ 
tf)3t4 3^31 ^>3l 4^4. °1 ^>3l «>J5-S. 4fe -iTll #3 33:(Sy)7l- #^ 3^St(Sy)3l 7§^3-€ tk°-S. 

7>-§-€4- 



£13^1 ZlEflHS.^-El 3J;^ ^01, ^Cfl 3371 (10)31 t3l(a)fe §>7l3l (l)~(4)3l 1^ 7j^# JLSlsM ^ 

Si4. 

(1) Sx > 0 ISxl > |Sy[ «M, a = tan _1 (Sy/Sx) 
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(2) Sx < 0 ZLt£{5L |Sx| > |Sy| 3^, a = 180° + tan _1 (Sy/Sx) 

(3) Sx > 0 ZL^ZL |Sx| < |Sy| 33, a = 90° - tan _1 (Sx/Sy) 

(4) Sx < 0 33jS |Sxl < iSyl 33, a = 270° - tan _1 (Sx/Sy) 

3"3 (1)~(4)3 3 3^ ^ 3^ *NS ^fb 3"3(a)7> fl-Mlfe. ©1 #33 360° * 3* St* tffl(a)£ * 
3. #4l7> 360° 3#3 3, 4| H9-^( a )«|A1 360° * « a* 3"3(a)3L W. 



fftfl«JJ-7l(10)fe ^33(13a) ^3 «§^&i* ^3^3. <3 Y^H^r ¥^ 331# ^3?I3. £ 14-JZ 1 

6^ ^3333(10) ifl si ^t^JLSJM <*) Y-M 3-7H3} .frSL ^| i+Ej-xflfe ^4^33. ^ *|7]te * 

33^3 -^5.6)1^^ ^zp.^o; ^ii 71 sq-. ^^H4 ^t3333 7le)^l a] $$4. ^ 14~S 16^ ^333 ^33 

3^ 7]B\7\ <a^tt #3H3 ^3-33 ^f-M 3?II3 ^ 4^* M-^fe HSfl = olt)-. o] ^Hof-*), 7> 

S-^lr 334^, ^llMlr 3t4]3 ^7l» H-E^t}. ^g^J^ 3€33, 

¥48 7>7llal ^7lfe -8:^11 tflSfl 711^4 3"fe3. 33*1, ^^#71(10) 33 ^3 333 Ufl*!^ ^ 

-fflAlJf OOHlfe 33* ^^^51 £S31 71^1 BlBjlSR= 3.7l2f 7131 ^ #^-g- 7\Q <%=^A^ ^JfE] o} nMi 3 
A) (3 7,1-71 ol Si 31 Si Y )7> o] 7>^4. 



JE 173 ^4=3 q-33 33 3"3, X<% 33 €3(31)3 ^ ^cfl £ = ^=(OFx)^# 3SH(3 

*S ^l^)^- 4^71-^1 S, S. 183 ZLHfl^l q-Bl-^ «ffi> ^Ol, 7>7l -fflAi(32)Sl -fr^ *Hl 3€- .2.^ 

$ ^(OFy)^ /.1HH tt3. #3 wl-al- £°1, 33^r <g^-^3| ^-£6() ti^SM tg^l mjE-ofl, 

3=(0Fx, 0Fy)S <3^333 ^S,^ 33 ^31-^. <>1» ^.H^ #(0Fx, OFy)£r 33 

33 ^^-(30)3 n]*);* <|tg=sl 71^--^ ^ 5irf. 



£ 19TT A>7l €Al-^(30)-l- 7l$^S §><^ 7-1-71 -SU^OOH ?l7l-5l ^ *\*\7}2\ <^ =f-*YA °-3L^ ^ ^ 7}^» 4 

Bl-gife rfjelEoiti-. 



*rfl^sf-7l(10)-sq ^r^^A-l, ol ^4^^71(10)31 ^7} ^3l(oislol) 

*H, ^>7l €7^^(30)^1 °j7>^fe ^l7l(TH0)3f ^^-^ O.^ElSl 7}7^1(LH)» *1 i^«t ^^4. ^d)] > 

^4^71(10)31 « 0 V^7l- 180° ^°11 #7l ^V7l ^^-(30)^1 ?l7l-Sl^ *]t]-7) (TH180)3> <^^1-^ 0. S «- 

33 ¥^ Af7^1(LH)» ^S$3. £ 19SJfBl oj- ^ Ol -ol, ^^6 £ ^j] -^^(LH)^ *4^^-7l(10)3l 
^^^l'ft^lS 0 ! *# H71S X>7l ^^-(30)cfl ?l7l-^£)-. ©13} ftal, 337m ^4^*3(1 

0)7> 180° n l 3.331- a>4 tJ-^-a 33 ^^-(30)^ #71-^3-. a>71 €Ai(3l)3 ^ ^(0 

Fx)^r *f3 Ai(6)^l 3*fl ^ Si3: 



OFx = (Six + S2x)/2- ■ • (6) 

3 3 a1, six^ ^4^3(10)3 y o v 37>333 u o v 3(9 )s. €^€43x^a> 7 1 ^(31)21 #^013., S2xfe ^4 
33-3(10)3 ^37> 180° 33* ^-f (^, 3"3(9 ) + 180° )3 33 ^3(31)3 #333. 

3€"7>3^, 7>7l 313(32)3 ^=(OFy)^ 33 3(7)-Hl 3^ =f-^k t ^3: 

OFy = (Sly + S2y)/2- - • (7) 
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<^7H; (10)31 ^7>°}^^ i£fl(8 *}7] 4^(32)31 %n°}5L, S2yfe^rfl 

^^71(10)^ «^7Vl80 o «<HKe ) + 180° )s\ Y3f7\-7\ 4b*\(32)£\ #?Ht4. 

°1 ^.H-fl ^(OFx, OFy)-gr t$7-x}<$3\ -&£oii a] 3^4. -^SCT)^^^ X^ 7>7l 4^(31)0] ^(OFx)^ ^ 

7l 4J(8H *W t 1 *^ 9X^- 

OFx = COF2x - OFlx)- (T - TD/CT2 - Tl) + OFlx- • • (8) 

<*|7H; OFlx^ *JE(TlH*l£| X<§r 7>7l 4*1(31)21 ^©IjI, OF2x^r Tl4 t}# ^r£(T2}^l^^ X# t| 

7l 4-*i(31)2j SL^Jl 

v}®7}x]5L, £5L(T)*\]*]$1 Y«r 4*1(32)3 ^(OFy)* «*-7l <q(9H 3|*H ^ ^ 

OFy = (OF2y - OFly)- (T - T1)/(T2 - Tl) + OFly • ■ (9) 

&\7)*\, OFly^r ^r£.(Tl)°]l^^ Y# ^V7l 4*1(32)31 ^<=>}JL, OF2yxr ^8r5i(T2Hl *1 ^ Y^ 4*1(32) 

3) JLH-S! 

o] -£A)6\)d\]x\^ ^.S-Sl ^(OFx, OFy)* ^Ifr ^, -g*ll 4*1 #^(Sx, SyHl*) °1 .£..5.4 ^(OFx, OFy)* 
<^ JiJ8« 4*1 #3(Sx, Sy)* °1 J«M}€ 4*i i^CSx, Sy)*)- <&7) (1)~(4)3] ufl £~ff-S ^ tffl 

7^ ^(a)7V ^^^cf. ol^6)l si\*H, ttttSU ¥^ *}^3) &3L n ti^ IHfl(a) 

7} Sft^. S^ms^KlOW 3# £3 «bH*}. 

t^-S-**. 4lsH ^ef #*fl €3-71 (10)3 CPU(21)°31 3* « 0 >^ ^ »g-fl3 #z)-* E 20~S 23* 

€^ W. 20~£ 23^: CPU(21)7> ^ A]7iS] ^b^M -8fl*Ffe ^£0] c)-. 



*tn^fl-7l(10)» ¥««-^>*J+7> :z A}-§-* 71]a]«H #€* CPU(21)tt d~$3 bH^o 1 0.3. £ 20°fl 4 

Bf^ ^7l^ ?m 5 A] ^^(S7l^ 7fl# 7l^* t*jtW* ^ A|4^Cf. 4**1], 170 

S«1H £7|^ #eflzi(Fl)7l- " 0" °1 ^ill ^71^- «-e}).zi(Fl)£l *ifl^7KlO)^ Jfl 

S ^71^- ^'•fl ^-sfl " 0" AS ^^51^^. CPU(21)^ ^ 1705^^ " Yes" S. %^2L 

^Tfl 1710AS ^1^^].^, ^cf)^^-7l (10)^ A]~g-*H1 tflsfl ^71^- S^-* T-fl^sKr *\}7-}x](^7]3H- 7-m ^1^^1)1- 
^aAl,Sfi^(l4a)°fl SAl^r)-. zl 3f, t&7\) 1795^lAi o] oj^. o] 7^ t^H\ 

«1*(15a) ^ ol wl^-ir " *" ^-ft ^* Af-§-7H7ll ^ll^fe 

^1^1^1# 5^8-#4. 



CPU(21)^ dt^fil Ej-ol^l o.S £. 21°U HAlti: ^.H^l ^olel ^-^* #7} 1800^1^ a]^^. h^jl, 1 
^1 1805^1^ " No" a ^1 1895S, ^^«><^ <#7] ^5l« 



<M~§-*M- ^^SAlsflTfi(i4a)^ a^i^ i7i* ^ai^hi *§H, -^s^tt ^1°]^ fl^- iH»^l " -^^1 

o^l^ « ^« ^^*>^, CPU(21)^ tir^l 1805^^ - Yes" 5. &%*\-5L 1810^-S. ^L^€4. ^ 1810<H] 

a-1 " 4|1 2^^" ^1 ^^»1 ^^SAl5(|^(14a)^l SA]^cf. ^1 S^^ofl ^tb *}-9-*Wtfl fl 1 ^^ 

71(10)21 ^(11) ^i^* ^S. ^7H §>^(^, 71^1 *M) H fl^«>^- ^31 «1*(15 

a) ^-^^ HIS-* feel, n «!€-* " ^" -^EflS 5J* *IH*1» ^tbcf. ^*°11, ^ 

1815^7-^ CPU(21)£r SLZ.*jt tfl^3l -^^71- " .2. 5." -^^011^ " 3:" <^^* a^e] #4. 
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41 Sl^W ^# *J^3l -§-«}<*l, £.3.$ *\^$\ -$Eflt- " A = " -#3)31*1 " ^5}#, CPU(2 

l)fe #31 181531*1 " Yes" 3. ^] 1820A3. #«3##. #31 182CHM X^f *}7] <$*1(31)2] #^(Sx)Sl 

3]^ 7j-^r# 2l^^(Smax)U4 e^l ^ , ^ Y-% 7>7l €*l(32)3l -fr ^(Sy)S] ;£3m<>| 34} 7 }^# 3) 
tfl3KSmax)iL#-e*l <^^» #^#. ^>?1 €*l(31)2l #^<Sx)£] 31^ 7>^tM 3m(Smax).S.# 

37m, Y%7>71 #*]32)2l #§](Sy)£l €3m<>l 31^- 7}^«>- ^tflSt(Smax)^ 3.#, CPU(21)^ #31 182031*1 ■' 
Yes" 5. #^:n. #31 18255. ^*8#t}. ^ 182531*1 ±71^- tf]*}*}?} <5>j^a*13I^(14a)3l S*l£l 

JL, #31 1895JL #«8*H °1 °J# ^S.##. 



#31 1820*11*1 X^7>7l <ffl*l(31)£l #^(Sx)^l £tfli3t°l 3l«f 7>W ^SKSmax) °1*MjL. 7>7l -1*1(32) 
^1 #^(Sy)^l ^tfl&o] ^ 7Hrtb 3|3lSKSmax) c»l§H#, CPU(21)fe #31 182031*1 » No" 3. #^*Kn x£%] 
1830A3. #^*b#. #31 183031*1 X^r 7>7] <$*1(3l)Sl #?HSxH ^1 X^ #^(Slx)A3. 71<*s|:e, Y^ 
^-71 <t*1(32)iM #^(Sy)ol 311 Y^- €*1 #3 (Sly) A3. 7l^^#. 

#31 183531*1 CPU(21)^- " 312 ^H^" 3] ## °-^S*13m(14a)3l 5.*1 «t#. 3l2 *ll #*!- *i 

o. ^^17,] ^cfi^sl-7KlO)^ ^-fr fl3 ^=3>31 # -#313. o) ^tfl^^-7)(10)» -SWH 180° S|#*m ^ 
#*1 2.S-^i tf|^-ir feel, «l€-sl ■ #313 #^ 31 ^©Kr 3|*1*1» ^f-t!:^. #31 184031*1 CPU 

(21)fe AS^l Hl«-5l -#317} " AH" -8-31011*1 " #3|3. ^sl&^l ^Jf* ^t}. 



*>-^7> 7 > 312 ^31 ^3l#2l-7l (10)# 180° ^ A2.-*Sl Aj-Efls. = " ^l-Efl 

" £" -#313. #^§f#, CPU(21)fe #31 1840011*1 " Yes" 3. #^S>J1 #31 18453. #*3##. #31 1845*11*1 
X^ 71-71 ^)*i (31)^1 #§j(Sx)^ ^tfltfo} 31^ 7>^# 3]3l^:<Smax)a.# ^1 <^^-, 5E^ Y^ 7>7l €*1 (32)^1 # 
3(Sy)s] ^rfl^tol 31^- 7>fe# 2|3lSt(Smax)M o^^-* ^##. X^ *>7l ^1*1(31)^ #^(Sx)Sl ^nfl^: 
°1 3)^7}fe#^tfl^(Smax)li#37lvl-, Y^7>7l €*132)^ #^(Sy)2l Qt^ko] ^ 7 >^# ^rfl^(Smax)il 
# a#, CPU(21)^ #31 1825*11*1 " Yes" S #^*>ja #31 1845S #*2*>#. #31 1825*H*i 2:7l^--M3J^l 
31*l^l7> S*1S1 Jl r #3] 18955L #*J«1-^ o] szQ-i- ^3_&r), 



#3] 18453l*i X^ 7>7l €*i(31)Sl *^(Sx)Sl 3l# 7>fe# ^tfl^(Smax) °)sMj7, Y^ *>7l €*1(32) 

#^(Sy)s] ^.^o] ^ ^cfl^(Smax) °1«H# CPU(21)fe #31 184531*1 " No" #31 

1850AS. *L*3##. #31 1850*11*-1 X^ 7>7l ^1*1(31)31 #^(Sx)<^l 312 X# €*1 #§](S2x)J>3. 7Hsl^L, Y^ 
7>7l ^1*1(32)^ #>3(Sy)°l 312 Y^ ^*1 #^(Sly)0-S 7l<S!€#. 



^1-^-31; #31 185531*1 CPU(21)^ 31 1 £7]^ #B}|3.(Fl)5l ^c>l " 0" 9J*1 <3^-» ^##. ^l 31 1 ^7lsh 

#efl^L(Fl)fil ^ °1#*1 " 0" ol7l 31^-31, CPU(21)fe " Yes" S #^^Jl #31 1860 A3. #«S##. #31 18603] 
*| x^ 71-71 4*l(31)sl 311 X^ ^=(0Flx) ^ Y^ *>7l ^1*1(32)3] ^1 Y^ ^(OFly)* ^*#. ^_ 

13- ^-^21 A3.±r, 311 X# €*1 #^(Slx)^ 312 X^ -i*1 #^(S2x)^ i+^-cK^, Jg^^-ir 31#) 

jJt* 311 ASaJl ^(OFlx)AS. ifrth S*. 311 Y^ €*1 #^(Sly)^ 312 Y^ ^1*1 *^(S2y)^l 2^. # 
¥<3 311 Y^ 15^ ^(OFly)AS ##. 3ll X^ ^(OFlx)^ 3)1 Y^r ^(OFly)^r 1" % 

U-*j RAM(24)31 7l^^cf. 



#31 186531*1 CPU(21)fe -^S -S!*-l(33)^ ^(Temp)# HJL, 3ll ^£S.*1 * fl*-^ RAM(24)3] 7l^ 

*l^l#. #31 187031*1 311 ^71^- l-2flri(Fl)^| a^S: " 1" ^ -a^sfa., #31 18953. #*J§}<3 ^1 °i# 
##. 
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o] ^-Efl<Hl^, CPU(21)7V B. 20^1 &*}*t &7l^S- ^ S.^ ^H* QUI 1700^1-^^ X|*|-*M ^ 1705S ^*3*> 
tt 34-, *8l ^7]^- #eBn(Fl)sl ^ " 1" S 4i*j£l<>| Sfl7l "ll*^, CPU(21)fe " No" S ^*>Ja ^1 1715S 

7||2 ^7]Sh #5fl^L(F2)£l St°l " 0" <a^| *^ °1 *fl2 2:71^- ^5fl^.(F2)5] ^7]^- 

Jfigoi| <5}sJ| " 0" AS -g^^M CPU(21)^r ^1 1715^ ■' Yes" S ^^Jl ^1 1720 AS 

°i ^S-il ^(33)^| ^(Temp)* H^L °l^-§- m^fl -8rS(Tc)S-^ 7l<*i£tf. ^ 1725«fl>*| ^1 ££(11)4 ^ 

4. £r3E*l-7> M^- 3«H5: ^ A*T^ 3^ Ji^* *M7> ^-^W. J3jl+, ^7^1 ^£(Tth)(> 

0"C)7> « Q >^ Si} ^^^4. 4^ ^ aq-i?- AAA #;*M €*Hr 

^SrJ£(Tth)7} Jit)- 4^ 53 oj yl-^-3j*>tq-. o^s., <3?)] *£(Tth)fe 5~25'C^ <8fl4M Ai^E]^ S">1 

3*V4. ■a^ll ^(Tth)fe ^-7] JI3^H ^i^fe 5}ol y^^tf. oJStfl, Tth£r 10°C*14. 



€ a1$^t m *E(T1)» *!^°lJ2.S, *0l *JE(T1)4 ^£(Tc)s) ^ ^tflUt* ^3] *£(Tth) iH} 

al-cf. it|-eM, CPU(21)fe #7fl 1725^1^ » No" S #=8*>j1 ^1 1795S °1 ^* "S^r #SfVn}-. 



CPU(21)^ o.s £ 22<H1 ^Al^ ^.5.^3 -f-^i* #4 1900^a]«-^ aI^*!^. 1905<H1a^ ^ 

2 a7l fl- «2fl^KF2)^l at°l " 0" »1 ^-f , ^12 ^71^- #^ n(F2)s] ^ » 0" AS -fM^7l 

nfl^r^l, CPU(21)fe fty^l 1905°flAi » Yes" S. ^^jZ ^Tfl 1910 »-S. ^*J^t4. ^1 1910^1^ fl^l ^fll 

*(OFlx).S ^1 Y# ^COFly)^ 4^ 7>7} ^(31)S) A = ^(OFx) ^ Y# 7^71 ^(32) 

^ i = ^=(OFy) AS ^^^t4. lg-Tfl 1995°flAi .y^ ^5.^. 



CPU(21)fe £ 23<^] £.Al^ #3 7|^§ ^1* ^7^1 2000«fl^^ ^1 2005°1H 

^>7l ^(31)a| #^(Sx)^lAi X* *>7] 4^(31)^1 ^=(OFx)^- ^ ?Jt 0 l X^ 7>7l ^(31)^ 

#^(Sx)AS H^^jL, Y^ 7>7l 4H(32)3 #^(Sy)°llA^ Y^ 4-H<32)^ SLE.%. ^(OFy)* ^ Y^ 
*M €Ai(32)^l #^(Sy)AS ^^§^4. CPU(21)^^r^l 2010*flA^ ^ (1)~(4)^ ^ sfl 

^fe^l 4^^. ^8 W ^1 2015-^-^1 2030 # ^ ^eflAi ^-Efvfl ^ 

AS *4)<a)# ^^4. 4^1, CPU(21)fe 4^-4 *<>1 iS-fl(a)* l^W- ^, «o v ^(a)7> 20 

35oflA-1 #ol^, 2040^Ai *S-41(a)o)l 360° # ^ &°] *|* ^(a)7> 3 31, «^7> ^7|| 2035Sf ^Ti] 

2045«fl^ 360° ol-S-tl ^-f-^fe, ^711 2050^1^1 ^(a)^l^ 360° * ^fi tk°] ^ «^(a)7> €4. =L ^, ^1 2 
095^1 ol ^-i- ^S^c)-. 



4^1, ^cfl^7l(10)Sl ^^7>^^| ^£7}^SM >fll *H(T1)4 ^7fl ^riE(Tc)^ ^cfl^ol ^TflStCTt 

h)(^l2 ■&£(T2)^j1 ^-)^-4 ^-^l -QWA. °1 ^-f , CPU(21)7> ^1 1700, 1705, 1715, 1720^1 

^r^l 1725^lAi " Yes" S ^*>j1, ^1 1710AS *H8*M &7]& 7fl^ ^^Sa] sfl ^(14a)^l ^ 

SAl^tq-. 



o) n]]AlxHl -g-oH, ^-Bfll- » i«" " Aj-^JS ^^«>^, CPUC21) 

^ E 21<fl ^-H]-^ ti:74] 1805«flA| " Yes" S ^Sfcn. 1810 <>1^^ ^S ^^^4. #4 1830<H]A^ ^tH^S)- 
7](i0)^ «o v ^7V -y^Sl « 0 >4|(9 )?1 AJ-^ofl^ X^7f7l €Ai(31)3l #^(Sx) ^ Y^ *M €^(32)^ #^{Sy)ol 
^1 X^- €Al #^(Slx) ^ ^l]l Y# ^A) #^(Sly)AS ^4 71^^^. ^ 1850^^ ^rfl^^l (10)^ ^7> 
6 + 180° tl ^«flAi *>7l ^tAi(31)Sl #^(Sx) ^ Y^^>7l ^(32)3] #^(Sy)ol ^2 X^ ^A] *^(S 
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2x) Q 42 Y4 -3314 #4(Sly)0-3. 44 444:0., =l * 44 18553 4*344. 



44 187044 41 ^7}^- #4zl(F1)4 St* " 1" a 4444 & 71 ^-S-^. CPU(21)^ 44 185544 " No" S 
444^1 44 18753. 4 S 344. 44 187544 X4 7}4 44(31)4 42 X# 4(0F2x) % 7>4 44 

(32)^1 42 Y4 5JL^( 4(0F2y)4 ^44. ^44 .9-3.^, 41 X^r 44 #4(Slx)4 42 X4 €4 *3(S2x)4 
43&'4 42 X4 4(0F2x) A3 SJ-jl, 41 Y^ €4 #4(Sly)4 42 Y4 **l #4(S2y)4 3g444 42 

Y^ 4(0F2y) 44- 42 X^r 2S^J 4(0F2x)4 42 Y4 4(0F2y)4 -ft 444 RAM(24)4 

4 444. 



444. #4 18804*1 CPU(21)£r 4JE >$4 (33)21 4:E(Temp)* fljl, 444 42 f£SAj * flU^ RAMC24) 
4 4 4444. 44 188544 42 ili44 #4^-(F2)4 5tol " i« s. 444 44 189544 °1 "44 44 ^ 
S.44. 

4 44H4, CPU(2i)7> s. 204 E*l4 S7isj- 4# S4 -f-4-t- 44 17004 4 44 ^1 ^l-^>^ 44, 41 4 42 ^ 
44 «-4^(Fl, F2)4 4^ SL^p. " 1" a ^444 Sl^l ^44, CPU(21)^r #4 170521- #4 17154*1 3-= " N 
o" 3. 444^ #4 17953 4*344 ol -^44 44 ^3-44- ^ ^Mlt ^44 4# 4447> S444 §^4. 

ol 4444, ^ 224 ^44 ^4 =^oi 4444, 42 =M4 #4^-(F2)4 &4 " V 3 4444.4 4Sr 

4, CPU(21)^ 44 190544 " No" 3- 444^- #4 19153, 4*344 4£ 44(33)4 4:£(Temp)» 4-2- 4 
44 €4 4£(Tc)34 4444. 



4*4, CPU(2i)^ 44 19204*1 44 4*14 4(8)4 44 4l *S(Tl)4*i2] 41 .$.^4 4(0Flx) 4 4 
2 4^(T2)444 42 X4 4(0F2x)4 -8%E4 444 34 iL44- 0 -S4, 4711 4:£(Tc)444 X^T 

4(OFx)4 444. 447>43,, cPU(2i)fe 44 192544 #7] 444 4(9)4 44 41 4:£(T1)444 41 Y^r 
SL^$. ^(OFly) ^ 42 ^(72)4*121 42 Y^ ^.H-^ ^(OF2y)* £rH4 ^r4^ ^|*i i?if %4 ^ 

(Tc)444 Y^- iE^! ^(OFy)# ^?b4. °1 ^-4* 44 19954*i ^4 ffit>4. °14 &(OFx, 0 

Fy)-€r ^^4^44 7V47> 44 ^ ^^4 <^^# ^^-4^21 ^e.s.-^bi ^4 ^ 44^4. 



4^-al 4s)44 CPU(2l)^ £ 234 £44 44 4# ^4* ^*S44, 44 200544 X^r 7>7l €4(3l)2| #^ 
(Sx)4 ^(0Fx)4 214 Y^ 71-4 414(32)4 #^(Sy)4 5. = ^ ^=(0Fy)4 4*fl ^44. 44 

2005^- a.^4421 4^-* ?-^44. 44 2010 4^4 4444 X^ ^ Y^ 44 44(31, 32)4 #^(Sx, Sy)^ 
34-4 44(a)7>4#(^ ^ 4^)44. 



44 4^4 44 44 4 4^4 ^4^H1 4# ^44^1-71(10)44^. ^4444(10)4 -^4-9-^4 ^-471-44 
7>47>44 44 #44 44tt ^44 <^47>44 4S.4 44^-=-^ 4(0Fx, OFy)^34 ^^44. °1 ^44 ^_ 
H-^ ^(OFx, OFy)* ^1444 4-4 €4 #^°1 a^44. a.44 7>4 41434-^1 44* ^h4«H, 4421 ^4 4 
4£7> 444 444 =r 44. 444 4°14(-a-£7> 41 45= (Tl) ^42 4i(T2)7f 4^ ^§4)^3 444^X1 
^44 ^44 4^4s-s, 444^ *4^-4 ^14 ^44 ^*34 4^ 4 44. 41 4s(Tl)4 42 4£(T2)4 
4^. <^4 -ar£(Tth)i4 H4. 444, 4 4^44 ^4 i^-iS 44 ^44 ^4 ^44 <34°1 444 ^.= 4 44 
44 Ji4 ^ 44 ^4 44 44 44 ^r£(Tc)442l iH4 4^1 4444 4^4. 444, 444 44 44^ 
7} 3.4 444 44. 44 47-14-(30)^ X4 ^ Y^r 7>4 44(31, 32), 4s 44 (33) 4 4443(34)« 44 
444^1 4444. 444, 7}4 €44(30)fe ^°l:z 4^44, 447>44 4-44 44444 ^-4 47>4 
44 4444. 
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«M X^- ^ 7>7l ^A] (31, 32)^ X>7) E)^ ;M-S0"|*m ( 7\ tfl Af7l dt.7> ^-S] *>7lH tfl-g-S}-:^ AlJl 

# #^1- *r SU^r A|-g-* ^ Jit}-. a} 7 ] o^a]^ ^71^- SzHl JLH^l U J^3! 

5)3fl Ai^^s. o]^- 71^*1 ^£ Sl^h. X-% 7>7l ^(31) ^ Y«r 7V7l ^(32) si 

X^ ^ Y-SH ^ 3#1rHr Z^T ^!^ 7 > A>-g-^ &tf. 



^(33)s.>| «ls ^ 7lfS]^ £. 24^1 SAl^ ^Aj-i- ^feT^-. M^^l^E](Trl, Tr2)^ nfl ol^-o] n]^ ^ 
^(Vbe)^ *V(AVbe)fe e>7l A](10)JL3. ^<H*1 JI, #^(Vbg)^r^>7l ^(11)3)- ^ Vbe4 V ^^(K1)«1)S- 
^^14. ^(Kl)^ «W i)(12)AS ^^t}. 

AVbe = V T - in{(Icl/Ic2) • (A2/A1)}- • • (10) 

Vbg = Vbe(Ql) + Kl ■ V T - ■ • (11) 

Kl = (R3/R2) • ln{(Icl/Ic2) • (A2/A1)}- • • (12) 

o}7H. V T = KT/q, Al^- A2fe S^^liEKTrl, Tr2)^ o^El Vbe(Ql)^ s^^^(Trl)^ *IMri:-<>l 

^(Kl)» <S«I*H Vbg^ ^mAj-g- &<g «f» 5^. *1%HR3)S1 #°*h8r ^ ^(33)^ #3 <L 

3A| A/D ^»|^(34a)^ 

£ 25fe ^ 24*11 SAjtb 3SL<q Sr^ «H3^ i+E}xfl^ ^^Holtq-. S 255^3 0 l^fl^l^ o l, ^ 24^1 SAl*l $3. t 1 
Aj.gr 2mV/'C^l S-Aj^- ^ ^ ^( 3 3)# ^^ % V oj^. 

^»ofl ^ wt*§, 7H^ ( ^ 7 >^tb ^ «-^r°lcf. 

^]. 7 j ^^-<H1 ^tfl^ ^X>^1&| ^7]. n]^^ A>^> S^S. ^§>*|, ^^-©>7ll 

1. 

A>7l ^]o11 Al7>>7l» Ol-g-^}^ ^-i- ^ ^ ^HlS>^, 

Aj-71 ^ ^lfe, 
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2}^ xM^} -ils:* ♦^Hr 

^8-7] ^S<^1 n^. ^-7] ^XH^ AX}?} ^iS-^-B] A1J1011 nl^]fe ^ifoj, * 

*hiih sa^-M, ^7] ^^-a- 7^1^, #71 ^% s^kis* <?wi-7i #71 

3. 

^^8- 4. 
5. 

*U1H 5iH*l, ^"71 iL^^ *fll ^£^tl^ ^-7] 7>7l f^3^r -SA^I ^^7^21 7}3H <^ 

c^-a- ^^"jl, ^"71 *fll -gr£S|- 4-E- 42 ^-7] 7}7l ^S.^ ^^H^ AA 

*fl 33b "3-71 Till £r3^H3 -frE^S} <3^4 -3-71 ^rJSi ^ ofl t§ 

-g.JES.JfEj ^-7] ^^7H^| 7>tH ^ <g%^ ^*Br ^* *t||^ ^7>^]. 

6. 

*H5tN SWi. ^ Ji3*^*fr -SM »U 4 ^^j. ^ ^-71 ^A-H ^q-sfl ^Ei4 >3-7l 

7516^1 ^-7] ^r£^ 5~25°C^| -^^^1^ 3i* ^-^-^-S *Vxr ^tfl^ ^7>^1. 

^^*J- 8. 

*6*«fl Si^'M, -*7l i7l* Tfl^^l^fe s.^ fiAi^i* ^al^ ^ o.s. ^-^ ^tfl^ ^71-^1. 
9. 

-3-71 7l*4I fl^SJoJ ij^. 7>74151 % 37H tfl-g-^ A] JlS #^§V^ 7>7] ^17>; g 
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<#7] 7]^] t$$jt\6) 3#«K? ^ ^7] m. 

tStt 10. 

#7] ^|-7] ^# ty-^o] ji^ja ut*4 *W 1HM ^ *MH »W- *KH§^ i^-^ 7}7i z\ 

* 3:4 ^7l 7>7] ^# ^>fe -S-71 jlSj-*^ *m ^4 *HH5^ 7}^- ^ Al-o]^ Z^tffl 7^ 

7l 4H. 

11. 

^19^-<H1 5a<>H. -*7i 71^1 qi^a* -tlJ^s^s.* ^ *.S- *Hr ^>7l ^A-l. 

12. 

^10^ SH*1, -*7l ^>7l 7-]^- H3f -SiXfe 

#7] 71^1 

^■71 7^1 ^£ «}7 0 V^^; 

*7] ##7p3*HI *§^€ Jfll ^7H^-; 

#71 *J|1 7J-^BJ-«H ^Aj^ ^oj*}-; ^ 
^T 1 * 13. 

*Hl2%H 5fl°H. A J"7l Spf ^q-^ E.^^ fll^MS D J:*<H^ ^^-S 7>7l 

^^j- 14. 

^|12^-«fl Sl°1^, -*7l «V^V^ «hfr PtMn^S ^#^^1 ^^-S. ^V7l 
15. 

*12tH $a°H, ^-71 Al 2 0 3 ife A10S tH^^L 3* ^ *fe 71-71 

3?-* 16. 

* 12**1 SA^*!. *7l #*Mi«l>fr NiFeS ^Ir^^l ^fe *>7l 

17. 

^112^1 sfl°H, -*7l afli jg-XHflflhft a^Ht^l-ii, ^2 #*H8*l>fr 7>-?j-^«l sj-^ ols. 7>7i 
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^T 1 * 18. 

^.g. 7^ ^ ^- 7 ] Jg.^ <3^7}^,g- ^Wl«Rr *##*1, #7l ^-§-5)^ S}^- X^H -§-*M # 

3i» *M ^ ^«>7) #7] ^[^^ <a3#*l» *tfl^3 #*>#*1» * 

«l«Hr #31; 

#7l ^Cfl^ ^7>^S] #TSo] 4| S. *t #1^1*1, ^-71 S##3L7} ^1 -S-71 ^ -ffl^S.^ 

#:£» *m st-fi-s*? ^*Hr #711; 

#7f ?H ^ Aj-71 ^tfl^ ^*}#*lSl ^^<>1 ^jg. ^>t11 «>^, ^- 7 ] ^tfl^g ^\^)7\ 180° # 

EHH, #7) S3HL3L7} nfl Aj- 7 ] 7>7l -ffl^S^ #^5)^ *i|2 ftiLiM £j^*Kr #3); 

#7] m &4 *H2 «M| #7] 7>7l €^3.^ Al^l #7] ^^«il S]*l 7>^|7> n^fe ^ 

#7l ^« 431- #71 x}7] «a]3JMJ #33^ #:£» J±^s>fe #31; $ 

#71 7>7l J43€ #^°H 45]- D-fl* *3*H= #31* T**l*fc 53 # *R=- ^ ^ tij-^. 

3^-* 19. 

* 18**1] 5fl < H'*i, #71 7>7l A^o]] #71 <§^*H3 ^7>Pl^lfe «a^#7l <3^*H3 *£*H WE 

^=1^ ^4 f^AS #41 ^ 
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< 



1B05 
No 



± 



Yes, / jSxfrSmax \ 

J, No 



Six - Sx 



£ ,-184 0 I 



J, Yes n1 s4 5 



|Sx|>Smax \ 
lSy|>Smax ? X 




OF2x +-<S1x+S2x)/2 ^ 1fl7S 
OF2jM-(Sly+SZy)/2 ^ ia ' & 

m 1 

J Tl — Temp | -wl665 | T2 +~ Temp [ -^lSSD 

| F\ —\ K -1B70 | F2^1 f -^1BB5 

J- , 



( B| g ^) — ii 
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L'a 22 




Tc *- Temp 
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> 



1920 
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T1 Tc T2 Temp 



-1925 
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c --^g^ 
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T1 Tc T2 Temp 



1995 
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£^ 23 



c 



gra ^# 



> 



2000 



Sx «- Sx - OFx 
Sy «— Sy - OFy 



r 2010 



Sx > 0 Sx < 0 Sy > 0 Sy < 0 

|Sx| > |Sy| JSxj > |Sy| jSx| < |Sy| [Sx[ < ]Sy| 





2095 
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